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(54) Analysis systems and processes 

(57) An analysis system includes induction coupled plasma apparatus (28) into which sample material to be 
analyzed is introduced for excitation in the plasma, optical measuring apparatus (42) coupled to the induction 
coupled plasma apparatus (28) for analyzing the sample material, and mass spectrometer apparatus (54) also 
coupled to the induction coupled plasma apparatus (28) for analyzing the sample material. The mass 
spectrometer apparatus (54) includes a first region (76), a sampling member (56) adjacent the induction 
coupled plasma apparatus (28) that has an orifice through which at least some tons characteristic of the 
sample material may pass into the first region (76), a second region (78), and a gate valve (72) between the 
first and second regions (76, 78). The gate valve (72) is open when the analysis system is operating in mass 
spectrometer mode, and is closed when the system is operating only in optical measuring mode. Inert gas 
flows through the sampling member orifice towards the induction coupled plasma apparatus (28) from the 
first region (76) of the mass spectrometer (54) when the analysis system is operating in the optical measuring 
mode. It is possible to operate the analysis system in both modes simultaneously. 




> 



2/7 




7/7 



10 ppb As, Co» Cr, Cu, Fe, Go 
Ni. Rb, Sr. V, 2n 



750000 - 



-600000 - 



Count Rate 

r 7/ t Ml "450000*:- 

(counts s ) 



300000 - 



■ 1 ' 



150000 r 



FIG. 9A 




50 55 60 65 70 75 BO^ 85 90 

:3 ' : j: , Mass (m/z) 



Count Rate ^"' 
(counts s J 



750000 - 



600000 - 



450000 - 



300000 - 



150000 - 



FIG. 9B 




.MdS' no .115, V20 125 130 .135 140 145 
- ^ , .. . Mass (m/z) 



750000 



600000 



Count Rate 450000 
(counts s J 



300000 - 



150000 - 



FIG. 9C 




-I 1 i 1 ■ 

200 205 210 215 220 225 230 235 240 245 
Mass (nn/z) 



2288273 



- 1 - 



ANAtYSIS SYSTEMS AMD PROCESSES 



'. 5 This invention relates to analytical processes and 

systems, and more jiarticularly to analytical processes 
and systems which are ^able: to .operate over a wide dynamic 
range of concentrations. 

10 Induction coupled plasma devices have been 

employed for gen^ating a high temperature plasma into 
which a sample solution to be analyzed is introduced for 
dissociati6ri;-at^fflization and. fonizafion. The resulting 
material may be' analysi^d using a mass spectrometer or an^ 

-15 bptical measuring apparatus such as an atomic absorption^ 
spectrophotometer or aii Emission spectrophotometer. 
Detection limit values of optical measuring apparatus are 
in the sub-PPB level whii^ ''detection limit values of mass 
spectrometers may be in the PPT aevel, 

20 ' • "-- 

In accof dance with one aspect of the invention, 

there is provided an analysis system that includes 

induction coupled plasma apparatus into which a solution 

of sample material to be Analyzed is introduced for 

25.. excitation in .the plasma, optics^l opepsuring apparatus 
• coupled =to the induction coupled plasma apparatus for 
analysing elements of the sample, and mass spectrometer 
apparatus- also coupled to the induction coupled plasma 
apparatus for analyzing thW sample material. The mass 

30 spectrometer apparatus includes structure defining a 

first region, a sampling member adjacent the induction 
coupled plasma apparatus that has an orifice through 
which at least some ions characteriistic of the sample 
material may pass into .the first region, structure 
35 defining a second region, pump structure coupled to the 
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-second region JEor' reducih the' i)re^s\ire" i^^^ second 
jregiQn below 't^ in tiii' first fegiony-v 

structure ciisposed J between the ' iiiductioh- coupled'^p 
apparatus _and thie "second regiSri; 'operator apparatus - ■: 
5 coupled to" th^ ^Ive ^stfuctTiire f or^" mainta^ the. valve 

open when the analysis iaass. : - . 

. spectrometer *moder"" and the valve- closed when 

the system is operating" only ^ ill 'ojptical measuring- mode. 
- . Prefer^ly/ - the system inclxideis structure for flowing an 

10 ,inert gas outwardly through €he orifice towards the 

.induction, coupled plasma' app^ first, region 

when the analysis 'system* is^ op^ optical 
measuring mode. ' x , 

Preferably/ ion "iWns ' s'tiucturfe in the 

15 first region iiamediately "4dj^ the" valve^ Structure-, 

and a voltage " ih ' t^6 ' range ot -^TSQ to -I'/SOO -volts is; 
applied to that ^ ion lehV st'ruTcture; and the %^ss 
spectromet^* includey*' a- mass- ^spectrometric se'parating 
system," io^^^ apparatus 

20 disposed between' the" s^Sir ce' ahd- thV separating system, 
the focusing apparatus comprising ah asymm;etric 1 
electrostatic "focu^^ system with a lens axis, an 

ion. entrance" aper€^ aii ion *exit aperture and 
interaediaVe* el 'Structure disposed between , the 

25 entrance and "exxt^ a^er^ure^^^ an aperture offset z-^ 

¥rom/the lens axis",^ alld' *cf rcul^^ applying eL.-i . 

deflect to the^ iiitermediate electrode . ^ 

,structtire o , ^^ ,77 ' " - ■ ■: ..£} 

±n '^ particuidt 'ifiiBo^ 

30., apparatus .iVclude^^ solxd state 'detector with a two.: 

. . V^imensTon^^ and the systeim includes 

diluter "structure f or * difutlhg' ^ sample -material : 
^intxQdu^^ iiito "^ttie indudtidn cbupled plasma apparatus to 
a ciissolved^ content of less than 0.2 percent. 



. In ^accordancfL w.i-tti another aspect of the 
invention^ .l^ere.i^^pr|yi.d^^ a; mass spectrometW "w ion 
sourcevstructtire or Sfni^itin^^^iOTS "of sample flaterial 
to be aoaly.?ede_struQtii^3\defin4n^~^ 
5 regions adapted tQ be «vaqu^t^§^ ^sampling strudt^^ 
adjacent io? source .sfc^<?iure haying or if ice * 
through: which ,at least . iomelions"chai'arteri^ th^ 
sample , material .may pas^^intoTtheVf irst;;r^^^ ^fbbusing 
apparatus disposed _^ in, the ..first ' region , ^mass 

10 spectrometric -separating .ipp^itus di^pos^^^ "second 
region, ion detector , appir,^tis;|oup^^^^ " 
apparatus and, differential' pmnpi|g.^st^niature ietSre«ii the 
first and second regions r the diffirentljr pumping' 
. structure having a .tubular R^ssa^q of ,at ' leas^t^^ r 

15 millimeters, length and, 'that. f 3^^^^ 

region 5/ith an^xit port iii P^f fi^^^jPr % "-^^^ * 

separating dapparatus so.^ tJh.fi^^ ioji|^ shieldea'" |rom- ^ ^ 

separatir^ apparatus, iripgi'm^^eti^^ f iefda^and^^^^^" ~ 

stability of: the magn^tic..Jleld_of^ toe^sep^^ ^ 

40) elementsr--i« improve^:.. ,„ ^s.^,.;-- ;~. crisao.^ ■• - 
Preferably^ the, mass Spectromet^V separa^^ 

apparatus i-ncj.udes, a plurality^ 

(.thatdn a. p^iticular ePlM)di^„^n\^^ 
25 the ^xdt port- cPf t^e, di^reiiiai p^^ "steuc^ure^ls 

disposed within the entrance. ^ei?d^ °Xi%® rj^^ff f^f^^^^^^^ 

rods. -■.The ^focgLising ^Pf^P^%cP^^P^^S^.^~.^; 

electrostatic focusing lens" system disposed =in "f ron^ of 
- - the. differential pumping^ st^^ictyje with_ lens^axTsV a 
30 conical electrode member "^at x^^^ , 

aperture, a planar. electrod4.m;i53ir]^aty;de^^^ 

exit aperture and an inte^T5edia;te ^lan^^^ 
-disposed between the . entranq? Xp®^^^^^^^^ 

an. aperture offset from the "lens^'^ep^i^^ 
35 applying deflecting voltages to the ^electrode menaa-^rs . 



In a' particular eiabodiment, thV circui-try applies a . 
voltage in the range" 6f -vsd' tb^ -—l500 volt's to the . . 
conical leadlhef ioii len^ elfect3:bde 'iiBsmberv^ - 

In accordance with^ another' aspect^ bf- the: ^ 
5 invention^ there^ is provided V mass ^spectrometer. 

source structure f or Veiiisf atihg a sample material 

to be analy'zWV sferuct^tire d^^^ second 
regions adapted tb evacualredr^^amplirig structure 
adjacent the ion source "^stifuc'ture tiavi^ an orif ice„ , r 
10 through which V't ielast sdm^^^ of- said.:; 

sample materfar mai^'pass into *^he first region, ..focusing 
apparatus' 'disposed ""i^^^ th^'^ first' region^ mass 
spectrpmetrxc separating apparatus disposed in the second 
region/ ion detectoif a:^p^ratus ^coupled to thee separating 
15 app^atus/ 'and"^^^^^ Between the separating 

apparatus and "t^^ The : exit, lens- 

structure *fias aii entrance ^ port "of ^ at l^ast one centimeter 
diameter/ ah 'e^i€ "^jSo'rt "^6f • less "than ^half -the: diameter of 
the entrance ^port;"ah^^ passage 'stru&tlire that connects 
20 the entrance and ixit^p6rts>^th*e -^ass^ge- structt^ haying 
a leiigth of at I^^s€"f iW^miilimetefs and being smoothly 
tapered for" reducing 'Background noise due to unwanted 
neutrals aind "photohs ^ - - ' - ~^ : 

In abcOTdahce wi^t^f-still another aspect of the 
25 invention, there is' provided a spectrometer with an . 

entrance axis, ion 'Source structure'^ for- generating ions 
of a sample 'material to^ be anaiy^ for passage, along, the 
^entrance axis , ' st&iic^tire defining'* jfirst and second- . :; 
"regions' adapteci* t evacuated;- sampler cone^ structure, 

30. skimmer cone 'Structure, eblle^ lens cone structiire, . . 

fogusiiig apparatus diipose^^ in' the- first region, the. 
„ focusing apparatus lens cone structure. 

Each ofT the cone struct\ires has an- orifice and the 
orifices are disposed in^ series aibng -the entrance axis. 
35 Mass spectromeWic'-'s apparat-us -ts disposed in 
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the -s corid r^gipnv ^d- ipn detector app^a1:us is coupled 
to th -separatjLAg apparatus.,, , -jmi;Le^f^^^^^ 
that other ioA source? may, Jse, u?^^- as, apprppriate in 
other einbodi3Beftts,^in-.a.parficular„embpdd^^ the ion 

-5 sdisrcerstructure .is J>o^<^^y^^-^^}!^^^^!^ apparatus 
' and an opticaiay measuring -spec$r.oiee.^^^^ coupled 

optically to. the,plasma :^pB^^1^US..^.yal^^^ if 

disposed: between the.coll^ction _len^ 

the ion lens cqne structure,, .. Operator app^atus is 

10 coupled to.the valve ,structm^^..anc^^ ... 
open when -the .analysis system is. .operatijig in mass 
spectrometer mode,; -and maintains the .valve .closed- _when- 

the system is zQW^%timM ^^^^..■^^^B^l^?^^^^?:''^^^: ^ 
■ ' structure -flows an inert ,ga^..9Tj^^a^dl.y through the - _ 
1-5: sampler and skimmer cone ^orificeJl 4:Qwards the ^ 
coupled., plasma appa^at^us ^w^en the^^aly^is sjjrst^^ 
operatingT only iin the ^-optical -,measurAng .mc^<|e.^ ^ The 
.~optical-analysis..speotrometer.„jncaji4^e^..%^^ , 
detector with a-rty^.vdimensiog^l ^^Ject^y j>ixel a^^ 
20 the system; includes. diluter.structu^t f9i fi^^^i^^ the ^ 
sample mater ials introduced .into.:.«ie. 4n^^ ^ 
plasma apparatus to a disspiye^ .solids content Pj.less 
than 0.2 percent for minimizing sailj^..^uiidrup on^surfaces 
of the sampler and slcimmer .cone . stpicJrHr^^s . _ 
25 - - Ih acctaxdance yith ;anpthep.^spe^^^ .. 

^:invention:>5- there is= provided an-,.^f lysis pVocess ' that ' 
- ' includes: the. steE« of . providing^ induction^coupled plasma 
apparatus , optical . ^ana^lYsis,. ap|) ^tuf ^fpticall^^^^^ 
• : tc> the- . ^induction, coupled. pl^a^J^^.^PParftus^fo^ analyzing 
30. the- -sample mater ial, : mass^ sp^tr|..?.^_er, |^parat^^ 

to the induction- coupled plasma .apparatus ^ for analyzing 
the sample, material,^ diluter..^pkaratus_and contr^ 
structure introducing, sample^..^^t.ef4al to^ be analy zed into 
- the induction ooupleA. P^sma appa^ratp?^^ 
35 diluter apparatus ^to ^ilute th^ ^s^^Rl_e^ JiaterlaV^ 
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inlaebducea Untb the induction: <50upLe4 plaaaa apparatus to 
a solids content of ^aess than 0.2 percent;^ and s nsing 
outputW-from-^e induction coupled plasma apparatus and, 
the optical analysis^ apparatus, and JAe^apsspecto^^^ 
5 apparatixs "tV 'ariaiyzelthe sample, mate^if^ . .. 

Preferably, the mass spectrometer apparatus . 
■ ihcludes structTite . defining -a-,first region, a sampling 
member adjacent the induction coupled plasma apparatus 
that- has ^^an orifice_through:which at least some ions 

10 charadferistib of- -the- sample material may pass into the 
first region, structure defining a second region, pump 
structure' coupled ytor the ^ secpnd. region for reducing the 
pressure in the second region below th^ ..press.ure in the 
first- region * and valve;, stroicture. disposed tbe 

15 induction coupled iplasma .aspar^tus ^?id "the second region, 
arid the- process fiirtherrincl^^^ 

maintaining the valve structure in open position when the 
Maiys¥s" pvoammw-tac opsra.%±nt3 -in mass, spectrometer mode 
and maintaining the -valve, structure, in closed po^^ 

20 when the process is operating only in optical analyses 

modW and the step of ^Ipwing. an J.nert. gas from the first 
■ - region outwardly^ through the -or if ic^ tp^^ 

indufctibn: coupled plasma, apparatus when , the va.lve 
structxire- is^ in- closed.rpositi^^ 

25 •: v :^he ^system . and .process provides versatility arid 

fl^ibility> "-'the: mass , spectrometer hp excellent:^ 
detection" limits V imprpyed -sensitiyity,. low backgro\ind 
-an^i' "iw -lijfcerf^^caar^.- jwji ittM»,.o?tiqal analysis ; ~ 
sp'HctsrSmeter ^^ends. the .analysis range of -^e' system and 

30 proceisis. " -". v-.: . • - :• . - 

- "^ Other features and advantages ^^^^^^.^?^ 
will be" seen as the ..following description of a particular 
eaibodiment' progresses, ;in conjunction with the drawings, 
35 in which: ~ ■ - — • ■ .i-.r. 'i. - 
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' ■ ■ • Fig-; i is a 'diagramMattic view «£- -an, ai>alysii.s . 
sygtem' in 'kccbirdkncB* with the " invention:.- - . : 
' " Fig'. '2 ^is 's. -side view - o£ -inass. spectromete^ . ... 
"apparat^ eiployed'-in- %he system^^ „ = .,: .. 

5 Fig. 3 ig '^"erid-view =of •the:mass .^pectromet 

apparatus shown in Figi 2; " • " >. : -.:3-..< 

Fig. 4 is a secbtionaI-:view„tal5^ralong t|e .line 4- 

4 of Fig.' 3; ■ ' ' - .::-cu z 'r .r.:- . .i r - 

Fig. 5 is a front elevational,yiew.of a .g^te valve 

10 "^me^ber employed in the niass ^prectrotoeter _shpwn .^n ^Fxg. A; 
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' Fig. e is ■ kn^ end- view ^ of r.the:, g9i:e,- valve ,mepber . 

shown in Fig.' 'S;'"" ' " -^-~---*^ i'--' : 

T±g. oi^ a- front vie*^ ofvthe i.qn lens.asse^ly ^ 

employed in th4 4Mbodime^rit Shovm - iTi ^Fig^ -4.-? ^ . - . t*' 

Fig. 8" is a' sectioiia-l Vi€wl-taXen,. along, t^^^ 
8 of Fig. 7; and ^' ~ "-- • — * sr r rr: :r . .- .r - ; 

' " Figs. '9a - are ^di-agr^s" indicating,. ^ff.fP^f^^i^ 
ohtained with ' idife- svstem- s^^ l*.r..-.:^ ri, * 



20 ^iie i^^lysis'system-shd^ 

diluter'loV with sliiple Inlet 12 "ttirough., piston py?P,.14, 
and deionized wkt^r "inlet ifr" through piston^^pump.. 18 . 
Pumps 14, 18 are connerted t•o^controaler;. 20.: and,the ^ 
"output"of diluter id-is cohnedted- -through:- peristaltic 
25 pump 22 td c^pss -f low riebuii^zfer^ 2^ and,, spray, cha^^^- 26 
"that is connbcted -to piasma torch: assembly; 28. for ^ 
introducing sainple material -Volutions. -to^ be .analyze^ into 
tube -30 'of tor6h "^assembly 28^. -^..doupae«t .tJ> 
are input keyboard 21, display 23 and printer .^5^v.^ -., . 
surrounding tube 30 is induction coil 32 that is coupled 
to two kilowatt crystal controlled-.gT, 12 megahertz RF 
generator 34. The sample 'lii&terial -is excited %a , . . 
spectroemissive levels in flSsma -3:6,,a.nd .a_beam 38 .of 
radiation from plasma 36 is reflected by mirror ,4.9 xnto , 



-echelle spectrograph 42 for reflection 
mirror 44 and dispersion by echeile' gratings 46 and 
reflection by mirror 48 for sensing by solid state (CID) 
. detector 50 that includes 'ari array of 3B8X24-4 detector 
5 pixels, and toat is coupled to dewar #2 "for cooling 

detector 50, jmd thVt provi'd^ output over line 51 to 

controller 20. , Spectr^^^ operates over a 

wavelength range of 190 90'o' nanometers,' and is of -the 
type shown in SBath^U-S\ Patent 5,088,823, the disclosure 
iq. of- which /i3, ej^ressly i^ herdLn by*^ reference. 

Also coupled to 'the output plasma 36 ±s mass 
spectrometer 54 whpse" structure'^ is ^shotm in mdre detail 
> .-in Figs , „2.r 8 . . Mass^ spectromete "54' "includes "sampling 
. cone. 5,6,. skimmer ^pne 5^^^^ collect ion lens 60, ion lens 
15 assembly 62, quadrapple"ma^^ 64 that includes 

four hyperbolic" Inveor rods 66; and detector system 68 
that, includes electron multiplier '69 and "deflfe^ 70 and 
that, is coupled over line 71 to* controller" 20r • Gate - 
valve 72 is disposed between* collection lens element 60 
20 and ion lens assembly 62 (between expansion chamber* 76 
and ion lens ^rhs^mber J is' operated^ by i^^^^ 

cylinder^ .74 . . / . . / , ^ 

. , . When the ^anal^ of Figl V is operating in 

mass -spectrpmet^er 1^^^^ gate vaive ''72 'is opfen and ions 

25 characteristic' of the/sam^^ material and present in 

plasma 36 enter mass* spectrometer 54 through orifice 86 
(Fig..,. 4) of sampling cone "56. %xpan§ic>n chamber 76 is 
. 3 pixmpedj Jby^ ircjtai^ pu^^ Vo at a pumping s^eied of - about ten 
.liters per second to^ provide a pressure "of about three 

30 torr in chamber 76 as monitored by thermo-couple gage 81; 
ioii lens chaiaber. 78" pumped by turbo p\imp 82 at a-' ' 
pumping .sp.ee.d of 5 0^ liters "per second to maintain a 
oressure of cLbout 3 x 10"'* torr in chamber 78 as monitored 
by^ pirani gauge. 83; and cjuadrapole arid" detector chamber 

35 . 84 is pumped by turbomoleculaf pximp 86 at a pumping speed 



of-,400.Jliters per ^second to maintain a pressure of about 
2 X 10'^ :tory in chajnb(Br' 84 as monitored by ^flia^ietrdn ^age 

87.. ..I- . , ,. . 

Twhen' the analysis"sys€em'^is in emission 

5 spectrograph mode , gatV va.iye 7^2 is ' closed and argon from 

argon soxirce 89^ (as ^control led ^'i^^ 26 and valve 

93) is flowed frcaa expans'i'o^i ch 

orifices 88,. 8f (>ig.'"4)^ of >kl^^^^^^ ^'sr ajriS' sampling 
- cone 56 at a rate of about one li^r" per^ minutfe^ tb 

0 minimize . salt buildup on^stirfaceV of " con^^ 58. cine 
or more major el^ents ~such' as sodiimV^ pot^ calcium 
or iron . .are .moiiifeored\and controller" 2 6 " 6perltes ^iluter 
10 to contrpl i^C.dil^ti^ to "a dissolved 

solids,_Gontent^of ■ the _^s"^ple^ 

5 system can ,also "be .^rui^ iji emission" and i^ss^ 

modes simultaneously / (as with '"samples""©^ 1^,°?^. _ '] 
. dissolved - solids content such'a's rain' watW' bSf a-purfe-'- 
acid) but. the orifice .proj:^^^^ featxire i^^^^^ use^^^- ' 
d\iring such,. simultaneaiis "operation ¥s gate valve" 7Z Is:' 

0 open..,. . , ca v.ra.rt^;.^ ....r 

With. reference to Fig. 4, sampling cone 56, 
skimmer cone 58, collection lens 60 Vhd 't3txe''fpr^t^^on ■ 
lens electrode 94^ are conical menOsers of nickel "^if are 
disposed in sequence witJb.^ th^r* otif i c^^^ 

5 axis 110 of mass spectrqmet^ ^547 '^tW ' 
..sampler cope orif ice ^6 ,'is l .I2 "m^^ 
diameter of skiinmfr cq;ie *orifYce'~88" "^^^^^^ 
The. distance laetween orifices 86, f^^^J^^'^^^^^' 
millimeters. S^pling cone '^e ;^is ^^^^ 

0-. copper face plate. 91, and skimmer cone^'Sj^ ttbuhted^on 
water cooled copper flange 90. " Collec-yioh' iW^ 
orifice 92 of about' 1.2 miilimeters,' ^th"e n^^ i-ori lens 
electrode 94 has orifice 104 'of "three miilimetefs - - ' 
diameter and the', distance >etween ■colf^ctroiV "l^s" "eo-. and 

5 the conical, next 'ion iens elebti-ode '9^ is^about ei^t- 
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-millimeters. Gat valve 72- iV<iisposed between cones 60 
and 94. loh lens electrodes 9'^99' (see also: Fig. a) are 
1/2 millimeter fel^idk stainleW s'teel- plates that are 
sepeorated by spacer insulators and- to^ wliicH separate 
5 voltages are applied over '^iihes-95L-99L*. Each collection 
lens plate 95-99 'has ' an oirif ice" 1^5—105 of about :six 
millimeters diameter" ^ith' orif'ices 105 and 106 on axis 
1 110, orif ices'^'ibT* iind i09^being of fset about three 

millimeters ' from axis^^ 108 being offset 

10 about seven miiiimetfelrs from axis'" 110-. - ^-'^ 

^Between tlie xoiT leris ' assembly ■ €2 and the 
quadrapoie chamb^t" 64 is differential- pumping orifice 
" member7 112 ' tiat de^ a cylindrical- passage 111 that is 

about eighV millimeter "long and aboxrt- three millimeters 
15 diameter " with ' it^ exit-port 113 disposed within and 

oyer lapping^ th^^ ehtr^^^ ends^ 115^ of quadrapdle rods 66 
y t67 shield' ions"^e^^ from passage ill- from guadrapole 

' ' fringe'' mignetic^ J i^lds arid^ to Improve the istaubility of 
"^"the guai^apol^^ ftk^^^ particularly with respect 

2 0 to ' low mas^'^ biloW ' elements . - HDisposed^ in quadrapole 
' chamber 64'a%4 f oi^x, 2'50- mallimeter"^^ Invar 
rods 66"' tha^' detlhe' an^R^ -ot^^ millinteters. Ions 

leaving ^ifee c[u'adrli|)ble chaio^ fociise'd through 

eight "nti if imeter' SluMhum exife^^ lens 114 (Fig. 4) 

25 that has c6ni5aily-tap^^^ that has., 

an'entf-ahce diametfet of ttrirteen'-milrli^ 
diameter of* f iv^^ arid* are detected by a . 

Chafmelti^^ Sbdel"^' 487 0 'eiecWorr^multipU-rer -^69 • For. \ 
ma^iiizing^ triS ^^^In* ; the voltage :applied to 

30, collection lehs^ 60^ was -1/000 volts; t-o ibn lens 94^ was : • 
'\6d'^/6l€sJ ''t6 idii'Iens "95*'was -25' volts ; to ion lens 96 
was" +30 volts ; tb^ ion lens 97 was -150 volts; to ion lens 
98. was +30 volts; to ion lens 99 was -50 volts; to exit 
lens 114* was" -115 volts; deflector' 70 has a deflection 
35 voltage l)f +10 volts applied 'tb it;- "and electron 
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/muH:iplier. .69 tx^s. a, voltage more , positive than -2500 
vcflta .applied tq^ it. j/heai pp)e?-atji.ng in analog mode and a 
voltage mojye nega^^e^ th^;,"??:?? JP^-fs oP^^^^f'^^ 
pulse counting, mode.-, . .^' -h. .: 
- .5 ■ . - . With reference %o Figf - ,5 eynd X. fat® valve 72 is 
a stainless :steel-5Jlatf^ai>Qut si3C.s:^time^ers wide", about 

..-eleven centeimet^s lon??.,^*^-???"^ t^^f"^!™®^®^ thick. 
Recess 118 • ^extends- from! port^ 4.2 0. -^d_ ^as" a ^i^^^ °^ about 
two centimeters, :and^ . a depth of . oii|l . jiiilimeter . ' ' Port 12 0 
10 has a diameter of about, 3.5-._cen|^4^f^^?-s.^^ Coupling 
structure 122 - connects .gate vaOj^^e ^°,^^^yi^^°^ 
through c<ii^%c?:irg^ rx3d,,l24;. , Seal ri|i.g„"l?6 i^ sealed in 

clamp rijig J:-28 and, provides # ii^}y.fb^^..'^^- '^i^?f^f.-^k^ 
ion.:lens ..chaisber -78 i^r.?-®^fci^?ai^^:-?F?f ^IvffiJ-'^j-:/-^ 

15 expansion xAapber 76^ .indicate^ f^f"^oi : / ^-1"?^:.^-? 

analysiB^-sxstem- is, PRsrating P^Y-.^^, op^c^l^&^x^^io^^ 
mode, :gate Vicilye 7^:<port I20d ,i,s^ -9l?f e^- f5^<* .^ff ^l^i?f*^ 
in .a closed tPosit.ic«i and ^gon f f oj^^sf 1 9^ is f^o^e^ 
from fS«5>ansi<M? -chamber ^^r f^°3^?Ks?^M^2ficM^rj} 

20 rate of ^ about pyie clitej^ jy.nu$f 2 

1 - contaminatdHDn-,TcJ«ienHtl^ f fs'^fi 

the piaessure in chamber. 7f^ is- decr^Sf ^S?3,fri>o|^^^ J%®® 
torr, aliQwing fr^er movjsment. ot-t^^..g^%e lift^f-.^^l- - 
: Mass spectra . (plot^-.9| cp'^^'^s versus ^mass-^^^^ 

25 . charge ratio) . .obtained wLth .jdie,,^ystem ^ 4.p_jias|^ ..^ ^ 

r . spectrcpieter mode (gate^jiialye 72 

CTA qu, F^,:Ga, Ni,, lUx,,. ^,.Sj:',[y^^^^ 
in '.Fig-. 5a; jnas^, spectra. -o£J^ F^/lfa^f 1"!^ 

:iohs arej,.shown in.Fig.rSh;; :^«ir,?a^f -^fl^f c^'a^j^^^ Bi, 

30 Pb, EL, and U ions^-are shc>wn-..iiTg|;ig^^9c-^ r.- 1^-:.= • 

The sensitivitief -and,.dqtiection ^^.m^tj'^ipbt^fn^^ 
with this mass spectrometer are J-iftf^ in tk^ fpilwing 

Table: - ^ .• ,->. ,: ;j- , ■ v ., y ;-,. r . 

Sensitivity. -. ... , - Detection Limits 

3 5 . Element - ( coiints. -s"^ /mg^ L"^ ) _ . . ipg^ L" )_ _ . _ 
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''Li 


3 .20x10 


2 




6.71x10^ 


- * 


89y 


6.47x10'^ 


7 




: 3;^ 012^0^, . . : . 


1 


5 "3cs 


3 5*^0X10 J: - --r.': 


.. . . , 1 . 




. :f , 2j3xl0'^ ^ : - ^ . : 


/ 0.4 


2C8pb 


v2if8xl0T^ . : v:;v: 


1 


'.. 2p9Bi , . 


: : . : 5^43x10''. : a * 


0.5 


- • 238u. , 


. 6.13X10% - v.: 





10 While a. particular. embQ^iment o^f '-ttxe invention 

^ ^ ^has- been- shown" and; desCTibed..._various^ jRO<M.f,^cations will 
be apparent to those of ordinary skill iPi art, and 

therefore-,- it: is, npt^- in.1:ended.,tivat. invention be 

" - limited, to the disclosed , ^embodi^ -.or to details 
15- :thereof , 'and..depa?rtiires,^m therefrom within the 

spirit i^nd^scope^pf.-l^ - 



O '. . V 



CLAIMS: 




1. 'An analysis system- comprising: 
induction coupled plasma- "apparatus, r t 
structure for introducing'sample material to be 

analysed into said induction coupled plasma apparatus, 

optical analysis apparatus optically coup:led to 
said induction coupled plasma* -apparatus for analysing 
said sample material, and 

mask's is'pectiromfe'ter' apparatus said r j 

induct ioir dbupaed' plasma ' •appar^t&s' analysing. -said 
sampleT'materi^lV^ * — ^ -•'^ ?:^rcr r: r"*a _ ^^54 

said malsS' gpertroin^ter ^ -app^^ 
structure dei iniHg f ir st- regicn-, a san^i ing j m^infeer 
adjacent said:' ifridtfction coxft)iedlpra%maK napp^iratuS;. and; r 
having an orif ic^^'^thiroiiglT v^ich- at- le'afsti'-some:: idijs,- 
characteristic of said sample material may pass into 
said first region, structure defining a second region, 
pump structxare coupled to said second region for 
reducing the pressure in said second region below the 
pressiire in said first region, characterised by the 
provision of valve structure disposed between said 
induction coupled plasma apparatus and said second 
region, and operator apparatus coupled to said valve 
structure for maintaining said valve structure in open 
position when said analysis system is operating in 
mass spectrometer mode and for maintaining said valve 
structure in close position when said system is 
operating only in optical analysis apparatus mode, 

2. The system of claim 1 wherein said valve 
structure includes gate valve structure disposed 
between said first and second regions. 



3. The system of either claim 1 or 2 and 
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further'' includiiig^'structur^^ inert gas 

out\irsrdly* from" said f irit'-'fegion^ thirbugh said orifice 
towards said ''induct £on*''c6uiii apparatus when 

said valve "stiructtre- is 'closed. - ' - • ' * - 

' 4: '' A mass spectrometer ^systeA^^^^ ion 
source structure or geriefating ib^ of a* sample 
material to be analysed, structure defining first and 
second 'regions "adapted to be ^ evacuated, * sampling 
'^io * 'Structure' adjacent -said ion 'source - structure having* an 
orifice through Which at-Teast sdrae^idns 
charac'tef istic - of '^aid sample Material^' iflay pass into 
said f^irst "regfi^onv "f ccusing a^ disposed in said 

first region, mass spectrometric separating apparatus 
15 "di"sposed in s^ird ^second region^- ' ion-detector apparatus 
ciiipied' to said srep^r^tring apparatus, and differential 
:^.ri i ' ^ pttiipiHg" structure 'between' sa-id'-first^^and second 

.^.,Jr "jpegiions'^, ^saa"d*''dflff et pumpfhg" structure^ -h^ a 

^ ~ - ^ ^ ^tibuiaj?^^ pa^ss^ge "arid' said "passaige ~ext:endihg into said 
20 Vecohd 'regid^^ with a^ir -exit' ^iri ^overlapping 

reiatioh "to said' separating apparatius. — - ^ 

5. The system of any* preceding claim -wherein 
said mass spectrometer apparatus includes a mass 
25 * ' 'spfectrometric' sejjaratihg^ ion detector 

" - - ^ "apparatus", ^and "focusing- apparatus disposed between 

* skid * iltdiictibn coujfledr 'pT^asma apparatus and ^s a id 
o . . s'ep^i^tfirig ~^yste^^ apparatus ^comprising 

' ^ ' ' 'ah Vsyttoi'etric' ele^^^ focusing' lens system with 

30 ' a 'Tens 'axiV> ah an ion exit 

aperture and intermediate electrode structure disposed 
between said entrance and exit apertures having an 
a^>erttire' of fs^t from said' lens ixis,^ and circuitry for 
^ applyirfg'' S deflecting^ W intermediate 
35 eXectrode^ structure. - • - . 
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,r. .6.- The-.system-.of ..any^one^of o.^^ 1 to 3 and 5 
and:, f uxther-.: including .mass speqtrometer - differential 
- pumping structure . between . said .first ..and .se^cpnd 
regions^ said dif f erential.^pu5ping.ste a 
tubular passage and said passage extending into said 
second regipn with ^a^,, exit ^port^^ i^ qver lapping 
relation to said sepa^ati^ng app^atxis^ , - 

?• The- system of either -claim 4..^^ claim 6 
wherein- saidr, separating ^appara^tus -includes, a^ . plurality 
of mass -separating . i^ods- and ;_sadd ep^lt of ^aid 

differential pump tng^^.str uptime is .dispqaed^ ^ithin the 
entrance ^nds -,of ^said ; mass,^epara,'^ijig. -X^ods ^ v ^ . . ^: 

-J ; 8 ^ - '^The ^system jof ^jaji^ -|^ecedin^ claim^ J^^^ r 
r^f urther ^inplutjijig ^ 

. separating ^a^parat^ an<^ said ^^a^^^<^^^ apparatus f t?^^^ 
,.,exit lens --f triictu^^ ^^^-P^.-^^p^:^^^ ^l^ffPir^^P 
port of less -..than haif cthe di^et^A^Qf- said , entrance 
port, and passage ^tructurj^ cMTJaect^^ 
and exit ports , said. -pas^ayga strxf^^txii^e Ja^^^ 
tapered for reducing background noise due to unwanted 
neutrals and photons-.,. 



^ , The system. -Of. any ,gjrecediiig: x^aim. ,5^^^ 
said mass . spLectrometer. apparatus -has an, entr^ppe axis 
^ and further .i^cljadin^ ,sai^J^^^^^ 

. cone -.structiirje,^.-cplle^^^ -JLens^.cpn^ ^^t^cxi^wr^^ and ion 
lens con structure, -eactu ^aid.^pqne. straicl;v^e .^|iving an 
. orifice and said, orifices being djlsppsed pp^ said . , 
entrance axis^.. .-.^ ^- ^ir 1-1-3 -^r: ; -^uix 

10- The system of. .any:...B3::eQ^,ding. cl^im, wherein 
said optical analysis apparatus, incj-udes, ^ solid state 
detector with a two dimensiojial. jietector pixel array. 
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'"II*: The^system "of any^ preeeaihg claims: and 
f firther ' including diluter ' apparatus arid bohtroller 
s^inibture - for "operating said diiut^r apparatus to 
dilute 'the ^^sdmple-'mater iiito said 

5 induction" coupled plasiha apparatus to a solids content 
of^iess thaii dll2" peircenti * ^ ' 

12. " An analysis process comprising the steps of 
providing ^ inductibii coupled- plasma apparatus, 

10 optically coupling optical analysis apparatus, to 

^aid' induction 'cbupied'- plasma apparatus for analysing 
said sample -material, ^ ' i . -j. : v : : : ' 
' ' 'coupling mass- ^pectrom^^ to- said 

' ' • ' inddctibn coupled plasma apparatus- for analysing said 
15 sample mater ial'> - - • - - - 

providing diluter apparatus and controller 
structure for introducing sample material to be 
analysed into said induction coupled plasma apparatus, 
operating said diluter apparatus to dilute the 
20 sample material introduced into said induction coupled 
plasma apparatus to a solids content of less than 0.2 
percent; and 

sensing outputs from said induction coupled 
plasma apparatus with said optical analysis apparatus 
25 and said mass spectrometer apparatus to analyse said 
sample material. 

13. The process of claim 12 wherein said mass 
spectrometer apparatus includes structure defining a 

30 first region, a sampling member adjacent said 

induction coupled plasma apparatus that has an orifice 
through which at least some ions characteristic of 
said sample material may pass into said first region, 
structure defining a second region, pump structure 

35 coupled to said second region for reducing the 



pressure in said- seco^id re^gioii., below the pressure in 

' saici first regionvr, character 
providing yalye strxictxire disposed . between s^id 
induction <:pupled plasma -a^ agd-,said second 

region , maintaining- ?aid .-^yalve , structure in Qpen ^ 
position when said analysis^prpcess . is operating in 
mass spectrometer mode and maintaining said valve 

, structure . in closed, positiog. ,whei} said process is 
operating only^ in- optical analysfLs ,mode* , , . 

14 • . : The <proce^s- of .claim.. 13 ..characterised by the 
further step of flowing an^^nert^^^as from s^ id first 
region outwardly^ tte9ugh.;Said5;prif ic^ sai^i. 
induction - coupledv plasma, a^ valv^ 
structure is in closed position. . , ; - i: ; 
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